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FOREWORD

This report documents andysis of the continuoudy reinforced concrete (CRC) pavement test
sections under sudy in the Generd Pavement Studies 5 (GPS-5) experiment of the Long Term
Pavement Performance Program. Limitations of the data available when this work was
undertaken precluded the production of definitive findings. However, the work does show that
CRC pavements can perform well.

T. P4ul Teng, P.E.
Director
Office of Infrastructure

Research and Devel opment
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interest of information exchange. The United States Government assumes no lidbility for its
contents or use thereof This report does not conditute a standard, specification, or regulation.

The United States Government does not endorse products or manufacturers. Trademarks or
manufacturers names appear herein only because they are consdered essentia to the object of
this document.
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CHAPTER 1. INTRODUCTION

A continuously reinforced concrete (CRC) pavement is a portland cement concrete (PCC)
pavement with continuous longitudina steel reinforcement and no intermediate expansion or
contraction joints. The continuous joint-free length of CRC pavement can extend to severa
miles (kilometers), with breaks provided only a structures. CRC pavements develop a transverse
cracking pattern, with cracks generally spaced at about 0.6 to 1.8 m (2 to 6 ft). The cracking
pattern is governed by the environmental conditions at the time of construction, the amount of
sted reinforcement, and concrete strength. The steel reinforcement restrains the opening of the
cracks. Also, the higher the amount of steel reinforcement used, the more closely spaced the
cracks will be. Most of the cracks develop shortly after concrete placement; however, additiona
cracking may develop over several years as a result of continued drying shrinkage of concrete,
temperature variations, and traffic loading.

A magjor concern with CRC pavement is punchout distress. The definition of punchout
distress is the area enclosed by two closely spaced (usualy less than 0.6 m [2 ft]) transverse
cracks, a short longitudinal crack, and the edge of the pavement or a longitudinal joint. It also
includes “Y” cracks that exhibit spalling, breakup, and faulting. The punchout distress is related
to crack spacing, pavement thickness, poor foundation support, and heavy truck loadings. The
repair of punchout distress typicaly consists of full-depth PCC patches. With time and as the
number of full-depth patches increases, the pavement may be resurfaced with asphalt concrete
(AC) or PCC, or it may be reconstructed. It should be noted that CRC pavements with smaller
crack spacing (e.g., 0.6 m [2 ft]) do exhibit good performance provided the support condition is
very good. Other distresses associated with punchouts include spalling aong transverse cracks
and faulting at cracks. Other leading causes of CRC failure are wide (and spalled) transverse
cracks due to stedl rupture ‘and spalling of concrete due to steel corrosion in the presence of heavy
deicing salt applications in the northern states.

Over the years, many studies have been conducted to explore the behavior and
performance of CRC pavements. Many of these studies have focused on the mechanism of
transverse crack development. Mechanistic procedures have been developed to predict crack
spacing (e.g., CRCP-7"); however, these procedures require a fairly accurate knowledge of
ambient climatic conditions and concrete's early-age properties. Other studies have focused on
understanding the mechanism of punchout development. For this case aso, mechanistic
procedures have been proposed (e.g., Zollinger and Barenberg®). However, these mechanistic-
based procedures require a fairly detailed knowledge of traffic loading (by specific axle loading)
and climatic conditions (for computing curling and warping stresses and changes in the shape of
the pavement as a result of temperature variation within the concrete), especialy climatic
(ambient) conditions during the first few days after concrete placement.

The availability of the Generad Pavement Studies (GPS)-5 CRC pavement test sections in
the Long Term Pavement Performance (LTPP) program provides an opportunity to evaluae
factors affecting the cracking of CRC pavements and to identify how the cracking pattern and
other CRC pavement attributes affect CRC pavement behavior under traffic loading. As part of a
Federa Highway Administration (FHWA)-sponsored project, work was undertaken to use test



data from the LTPP program to study the transverse cracking pattern a the GPS-5 test sections
and to evauate the Structurd behavior of these sections.

As part of the LTPP program, an extensive data collection effort has been underway since
about 1989. These data types are classfied within the LTPP program as follows:

Inventory
Materids Teding
Climatic
Monitoring

Treffic

Seasond

o o1 AW N

In addition, as appropriate, maintenance, rehabilitation, and congruction data are dso
collected.

Scope of Work

The overal objective of the study reported here was to evauate key factors affecting the
development of crack spacing in CRC pavements and to determine the effect, if any, of the crack
spacing on the structural response as well as the performance of the pavements. Because of lack
of congruction-time ambient condition data, no attempt was made to verify/vaidate mechanistic-
based crack spacing development models such as CRCP-7 and TTICRCP. As part of the sudy,
an atempt was dso made to evauate the structura performance of the CRC pavements using
procedures developed by Professor Dan Zollinger of the Texas Transportation Ingtitute (TTI).

Report Organization

Chapter 1 provides the background for the study. Chapter 2 provides a summary of the
GPS-5 test section characteristics. Chapter 3 provides an evauation of the crack spacing data.
Chapter 4 presents an andyss of well and poorly performing test sections and chapter 5 presents
a summary of findings and provides a discusson on improvements needed to be made to further
advance the CRC pavement technology usng LTPP data



CHAPTER 2. GPS-5 DATA CHARACTERISTICS

The LTPP data used in this report were obtained initidly from the Information
Management System (IMS) during February 1996 (IMS Release 6.0 data). These data were
subsequently supplemented using DataPaved7, verson 1 .O. The tota number of GPS5 sections
available through DataPave97 was 85, with sections located in 4 dimétic regions and 29 different
dates, as presented in tables 1 and 2. Texas has the largest number of test sections, which
condtitute 22 percent of al GPS5 sections. A ligt of the 85 test sections is given in table 3. Each
test section is dso identified with a reference number (from 1 to 85) to facilitate the plotting of
charts presented later. In subsequent discusson and in tables and charts, the test sections are
identified by these reference numbers. At the time of DataPave97's release (data as of October
1997), 9 of the 85 sections were overlaid, as indicated in table 4. For the overlaid sections, only
data for the period prior to overlay were used in this study.

The LTPP database for the GPS5 sections conssts of the following modules. inventory,
environment, materid testing, monitoring, and traffic. Each module contains data collected and
dored at different times for different sections. The monitoring data used in the andyss are from
the latest measurements available for each section for each data type.

Table 1. Didribution of GPS5 sections by climatic regions.

Climetic Region No. of Sections
Wet-Freeze Region 40
Wet-No Freeze Region 35
Dry-Freeze Region 6
Dry-No Freeze Region 4
Total 85

T e @ v g



Table 2. Didribution of GPS-5 sections by Sate.

State State ID Number of GPS5 Sections
AL 01 2
AZ 04 |
AR 05 2
CA 06 1
CT 09 !
DE 10 2
GA 13 1
ID 16 |
IL 17 8
IN 18 3
1A 19 3
MD 24 1
MI 26 !
MN 27 !
MS 28 5
M O 29 |
NE 31 !
NC 37 3
ND 38 1
OH 39 2
OK 40 3
OR 41 6
PA 42 3
SC 45 3
SD 46 3
TX 48 19
VA 51 4
WV 54 !
W 55 N
TOTAL 29 States 85 Sections




Table 3. Ligt of sections.

Reference No. Section Current Statust  Climatic Region** Open-to-Traffic Date
! 013998 WNF 03/01/74
2 015008 WNF 12/01/77
3 047079 08/01/89
4 055803 WNF 07/01/73
5 055805 WNF 11/01/75
6 067455 DNF 12/01/71
7 09500 1 WF 11/01/81
8 105004 WF 06/01/77
9 105005 WF 06/01/71
10 135023 WNF 06/01/74

11 165025 DF 09/01/72
12 175020 WF 10/01/86
13 175151 7B 10/01/66
14 175843 WF 09/01/82
15 175849 WF 11/01/71
16 175854 WF 01/01/82
17 175869 WF 12/01/79
18 175908 WF 04/01/71
19 179267 WF Lolo1/66
20 185022 7B WEF 01/01/72
21 185043 WF 01/01/69
22 185518 7B WF 12/01/70
23 195042 WF 12/01/75
24 195046 WF 11/01/75
25 199116 7B WEF 08/01/72
26 245807 WF 06/01/90
27 265363 WF 12/01/76
28 275076 7B WF 10/01/70
29 283099 7B WNF 11/01/70
30 285006 WNF 04/01/79
31 285025 WNF 07/01/77
32 285803 WF 09/01/79
33 285805 WNF 06/01/75
34 295047 WF 07/01/72
35 315052 WF 12/01/69
36 375037 WNF 10/01/72
37 375826 7B WF 06/01/77
38 375827 WF 03/01/73
39 385002 WF 11/01/73
40 395003 WF 09/01/88
41 395010 7B WF 07/01/75
42 404158 WF 06/01/89
43 404166 WNF 06/01/90
44 405021 WF 10/01/87
45 415005 WNF 10/01/85




Table 3. Ligt of sections (continued).

Reference No. Section Current Status*  Climatic Region** Open-to-Traffic Date
46 415006 DF 06/01/73
47 415008 DF 06/01/72
48 415021 WNF 07/01/86
49 415022 WNF 10/01/84
50 417081 DF 09/01/88
51 421598 WF 01/01/75
52 421617 7B WF 06/01/72
53 425020 WF 05/01/80
54 455017 WNF 03/01/79
55 455034 WNF 06/01/75
56 455035 WNF 11/01/75
57 465020 DF 08/01/73
58 465025 DF 11/01/74
59 465040 WF 07/01/63
60 483719 WNF 01/01/65
61 483779 DNF 06/01/78
62 485024 WNF 01/01/82
63 485026 WNF 06/01/88
64 485035 WNF 09/01/79
65 485154 WNF 08/01/71
66 485274 WNF 03/01/73
67 485278 DNF 06/01/75
68 485283 WNF 04/01/88
69 485284 WNF 03/01/88
70 485287 WNF 08/01/73
71 485301 WNF 02/01/82
72 4853 10 WNF 07/01/87
73 485317 WNF 04/01/82
74 485323 WF 10/01/80
75 485328 WNF 09/01/75
76 485334 WF 04/01/70
77 485335 WEF 10/01/80
78 485336 WF 12/01/86
79 5 12564 WNF 02/01/69
80 515008 WNF 08/01/77
81 515009 WNF 06/01/80
82 515010 WNF 10/01/88
83 545007 taken out of study WF 06/01/77
84 555037 WF 11/01/73
85 555040 WF 11/01/80

ok

dry-no freeze region.
Note: Data as of October 1997.

7B = GPS Experiment 7B
WF = wet-freeze region, WNF = wet-no freeze region, DF = dry-freeze region, DNF =




Table 4. List of overlaid sections.

State |State ID [ SHRPID [Vear Consructed | Current Status | Year Overlaid
IL 17 5151 1966 GPS-7B  Section 1990
IN 18 5022 1972 GPS-7B  Section 1993
IN 18 5518 1970 GPS-7B  Section 1993
1A 19 9116 1972 GPS-7B  Section 1989
MN 27 5076 1970 GPS-7B  Section 1990
MS 28 3099 1970 GPS-7B  Section 1992
NC 37 5826 1977 GPS-7B  Section 1995
OH 39 5010 1975 GPS-7B  Section 1990
PA 42 1617 1972 GPS-7B  Section 1991

Inventory and Monitoring Data Summary

The inventory and monitoring data available for GPS5 sections are summarized in table
5. The characteristics of the key data are discussed next.

Age

The age for the GPS-5 sections was determined as the difference between the date of the
last crack survey and the traffic opening date. Based on this calculation, the age of the test
sections ranged from 1 to 30 years. The age summary is given in figure 1. Also, another age
calculation was made as of December 3 1, 1997, as presented in figure 2. As of December 3'1,
1997, there were 59 sections that were 15 years of age or older and 42 of these sections were 20
years of age or older. With respect to the age at the time of the last distress survey, there were 23
sections that were 20 years of age or older.

Slab Design Data

The pavement slab design data include mean dab thickness, design percent of longitudinal
stedl, depth to reinforcement, spacing of longitudina and transverse reinforcing bars, and
reinforcement placement method. Design parameter summaries are given in table 5 and presented
in figures 3 through 7. The following observations are made:

1 Fifty sections had 203-mm-thick dlabs, 18 sections had 228-mm-thick slabs, and
10 sections had 254-mm-thick dabs. Only five sections had dabs thicker than 270

mm and only three sections had dabs thinner than 200 mm. This represents a very
biased sample.



Table 5. GPS'5 data summary.

Least
Average
Crack
Spacing
from Date
Manual | Manual PADIAS PADIAS Manual | Tested for
Manual | Total High| Average PADIAS [Total High| Average and Least Total
Manual Total Severity | Crack PADIAS Total Severity Crack PADIAS | Average [Open-to-| Ageas | Ageasof | Punchouts
Setiion Cument | Climatic { Survey Trans. Trans. | Spacing, | Survey Trans. Trans. Spacing, | surveys, Crack Traffic Tested, 1/1/98, and
No. |SectionID!| status | Region Date | Crack No.| Crack No. m Date Crack No. | Crack No. m m Spacing | Date years_ |, vears Patches
1]01-3998 WN 04/16/90 61 0 2.50 2.50] 04/16/90 | 03/01/74 16 23 3
2]01-5008 WN 02112190 118 0 1.29 1.29] 02/12/90 [ 12/01/77 13 20 0
3104-7079 DN 01/15/91 83 0 1.84 1.84 [ 01/15/91 | 08/01/89 2 8 0
4105-5803 WN 11/29/94 159 0 0.9€ | 02/27/91 163 n 1.00 0.96 | 11/29/94 | 07/01/73 21 24 0
5|05-5805 WN 11/28/94 213 0 0.7; | 11/14/89 123 0 1.24 0.72 | 11/28/94 | 11/01/75 19 22 0
6106-7455 DN 12/17/91 221 0 0.6¢ 0.69 | 12/17/91 | 12/01/71 20 26 0
7109-5001 WF 04/09/96 115 1 1.3 | 08/04/90 99 0 1.54 1.33| 04/09/96 | 11101181 15 16 0
8110-5004 WF 03/16/93 113 0 1.34] 03/21/91 52 0 2.93 1.35 03/16/93 | 08/01/77 16 20 0
9110-5005 WF : 03/21/91 99 0 1.54 1.54| 03/21/91 [ 06/01/71 20 26 0
10/13-5023 | WN 10/27/94 80 0 19" | 02/09/91 66 0 2.31 191| 10/27/94 | 06/01774 20 23 0
11{16-5025 DF 08/01/95 182 0 0.8 | 09/20/89 121 0 1.26 0.84| 08/01/95 [ 08/01/72 23 25 2
12]17-5020 WF 07/15/91 19 0 8.0: | 05/13/91 134 0 1.14 1.14] 05/13/91 | 10/01/86 5 11 0
13{17-5151 |7B/1990 WF 10/01/66 31 0
14]17-5843 WF 08/02/88 _ 76 0 2.0 | 10/15/90 64 1 2.38 2.01 08/02/88 | 09101182 6 15 0
15[17-5649 WF 08/04/98 216 0 0.7 06/24/8¢ 231 0 0.66 0.66 06/24/89 | 11/01/71 18 26 0
16 | 17-5854 WF 08/04/88 125 0 1.2: 06/24/8S 127 0 1.20 1.200 06/24/89 | 01/01/82 7 15| 0
17| 17-5869 WF 08/04/88 107 0 1.4: | 06/24/8¢ 96 0 1.59 1.43 08/04/88 | 12/01/79 9 18 0
18 | 17-5908 WF 03/24/93 86 0 17| 05/10/91 82 0 1.86 1.77 03/24/93 |_04/01/71 221, 26 0
19| 17-9267 WF 07/07/89 212 0 0.7. | 05/07/9¢C 184 0 0.83 0.72 [ 07107189 | 10/01/66 23 31 0 ]

20| 18.5022 |7B/1993 WF 07/13/88 77 0 1.9/ | 09/25/8¢ 75 2 2.03 1.98| 07/13/88 | 01/01/72 16 25 0
21 | 18-5043 WF _ | _05/09/81 119 0 1.28 1.28| 05/09/91 | 01/01/69 22 28 0
22| 18-5518 |7B/1993 WF 12/01/89 165 0 0.9, 0.92 | 12/01/89 | 12/01/70 19 27 0
23 | 19-5042 WF 09/07/89 140 0 1.0/ | 05/18/91 132 0 1.16 1.09 | 09/07/89 | 12/01/75 14 22 0
24 | 10-5046 WF 08/30/94 81 0 1.8/ | 05/18/91 18], 1 10.17) 1.88] 08130194 | 11/01/75 19 22 2
25| 19-9116 |7B/1989 WF 07/28/89 210 0 0.7 i 0.73] 07/28/80 | 08/01/72 17 25 0
26 | 24-5807 WF 10/11/8¢ 13 0 11.73 10/11/89_| Qg/a1(ap 1 7] 0
27| 26-5383 WF Jrosrzws 162 0 0.9 [ 07/18/9( 67 0 2.28 0.94| 05/21/93 |_12/01/76 171 21 3
28(27-5076¢  |7B/19€0 WF 06/09/8¢ 227 0 0.67 0.67 06/09/89 | 10/01/70 19 27 0
29128-3009 |7B/1992 WN | 03/07/91 2381 0 0.6 | 02/14/91 0 0.64) 03/07/91 | 11/01/70 21 27 0
30(28-5006 WN 03/04/91 172] 0 0.8 | 03/03/91 132 0 1.16 0.89| 03/04/91 | 04/01/79 12 18 0
31128.5025 WN 07/13/93 129 0 1.1 | _01/14/91 116 0 1.31 1.18 07/13/93 | 07/01/77 16 20 0
32128-5803 WF 11/29/95 124 0 1.2 01110/9( 80 0 1.91 1.23| 11/29/95 | 09/01/79 16 18 3
33|28-5805 WN 03/07791 154 0 0.9 | 01/15/91 143 0 1.07 0.99( 03/07/91 | 06/01/75 16 22 0
34(29-5047 WF 08/19/88 99 0 1.5 | 06/20/9( 88 0 1.73 1.54| 08/19/88 | 07/01/72 16 25 0
35(31-5052 WF 04/19/93 118 0 1.2 05/15/8¢ 127 0 1.20 1.20{ 05/15/89 | 12/01/69 20 28 0
36{37-5037 W N 01/29/%6 120 0 1.2 | 03/10/91 a6 0 1.59 1.27{ 01/29/96 | 10/01/72 24 25 0
37|37-56826 |7B/1995 WF 03/11/91 107 0 1.43 1.43| 03/11/91 | 06/01/77 14 20 0
38(37-5827 WF 12/17/96 82 0 1.8 | 03/19/91 66 0 2.31 1.86| 12/17/96 | 03/01/73 23 24 1
39(38-5002 WF 12/06/9( 228 0 0.67 0.67| 12/06/90 | 11/01/73 17 24 0
40(39-5003 WF 07/13/94 161 0 0.9 | 10/03/9( 0 0.95/ 07/13/94 | 09/01/88 6 9 0
41)39-5010 |7B/1990 WF 11/29/88 141 Y] 1.0 1.08| 11/29/88 | 07/01/75 13 22 0
42/40-4158 WN 11/04/92 90 0 1.6 | 03/14/9 67| 0 2.281 1.69| 11/04/92 | 06/01/89 3 8 0
43/40-4166 WN 11/01/94 144 0 1.0 | 10/30/9( 26| 0 5.67) 1.061 11/01/04 | 06/01/90 4 7 0




Table 5. GPS5 data summary (continued).

Least
Average
Crack
Spacing
from Date
Manual | Manual PADIAS PADIAS Manual | Tested for
Manual |Total High| Average PADIAS |[Total High| Average and Least Total
Manual Total Severity | Crack PADIAS Total Severity Crack | PADIAS | Average | Opendo-| Ageas | Ageasof |Punchouts
Section Current | Climatic | Survey Trans. Trans. | Spacing, | Survey Trans. Trans. | Spacing, | surveys, Crack Traffic | Tested, 1/1/98, and
No. Section ID | status Region Date | Crack No.| Crack No. m Date | Crack No. | Crack No. m m Spacing Date years | Payears
44 |40-5021 WF 11/01/94 132 0 1.16| 10/30/90 83 0 1.841 1.16] 11/01/94 [ 10/01/87 7 10
45 | 41-5005 DF 00/18/80 33 0 462 09/18/89 | 10/01/85 4} 12) 0
46 | 41-5006 DF 04/30/96 137 16 1.11] 09/18/89 112 67 1.36 1.11| 04/30/96 | 06/01/73 23 24| 0
47(41-5008 DF 04/29/96 166 0 0.92] 09/18/89 178 0 0.86 0.86] 09/18/89 | 06/01/72 17 25| 0
46 | 41-5021 WN 06/27/94 226 1 0.67| 07/26/89 148 0 1.03 0.67| 06/27/94 | 07/01/86 [ 1 0
49 (41-5022 WN 05/23/96 137 0 1.11] 09/08/89 93 0 1.64 1.11] 05/23/96 | 10/01/84 12) 13 0
50 [41-7081 DF 09/18/89 RI al I 09/01/88 9 0
51 | 42-159 WF 07/27/95 82 0 1.86] 03/25/90 79| 0] 1.93 1.86| 07/27/95 | 01/01/75 200 22| 2
52| 42-1617 [7B/1991 WF ] 06/01/72 25 0
53 | 42-5020 WF 09/12/90 104 0 1.47 1.47| 09/12/90 | 05/01/80 10 17 0
54 |45-5017 WN 06/07/93 101 0 1.51] 03/05/91 88 0 1.73 1.51[ 06/07/93 | 03/01/79 14 18 0
55 | 45-5034 WN 03/17/92 101 0 1.51] 03/05/91 100 0 1.53 1.51 03/17192 | 06/01/75 17 22 0
56| 45-5035 WN 06/08/93 224 0 0.68] 06/05/90 160 0 0.95 0.68] 06/08/93 | 11/01/75 181 22 1
57 | 46-5020 DF 10/05/93 249 0 061! 12/11/90 226 0 0.67 0.61[ 10/05/93 | 08/01/73 200 24 0
58]46-5025 DF 05/02/89 246 0 0.62[ 12/17/90 236 0 0.65 0.62 05/02/89 | 11/01/74 15 23 0
59/46-5040 WF 12/15/90 330 0 0.46 0.46] 12/15/90 | 07/01/63 27 34 0
60/48-3719 WN 06/08/95 125 1 1.22] 02/27/91 95 1 1.61 1.22[ 06/08/95 | 01/01/65 30 32 0
61|48-3779 DN 11/07/95 131 0 1.16] 09/11/90 112 0 1.36 1.16] 11/07/85 | 06/01/78 17 19 0
62(48-5024 WN 07/10/95 129 - 2 1.18] 10/12/90 83 8 1.84 1.18] 07A0/85 | 0101782 13 15 0
63]48-5026 WN 06/06/95 1441 ol 1.06[ 02/26/a1 a4 0 1682 1.06| 06/06/95 | 06/01/88 7 9 0
64/48-5035 WN 06/30/95 139 0 1.10[ 10/27/90 86 0 177 1.10[ 06/30/95 | 09/01/79 16 18 0
65(48-5154 WN 07/10/95 108 0 1.41| 10/12/90 94 0 1.62 1.41] 07/10/95 | 08/01/71 24 26 0
66/48-5274 WN 02/11/97 75 0 2.03{ 10/29/90 60 0 2.54 2.03[ 02/11/97 | 03/01/73 24 24 0
67]48-5278 DN 06/05/95 176 0 0.87] 01/24/91 156 0 0.98 0.87| 06/05/95 | 06/01/75 20 22 0
66[48-5283 WN 02/13/97 117 0 1.30] 10/27/90 45 0 3.39 1,30 02/13/97 | 04/01/88 9 9 0
69/48-5284 WN 02/13/97 |1 83 n 1.841 10/27/00 2 0 7.26 1.84| 02/13/97 | 03/01/88 9 9 1
70|48-5287 WN 02/14/97 143 0 1.07| 10/27/90 101 0 1.51 1.07| 02/14/97 | 08/01773 24 24 2
71|48-5301 WN 02/13/97 123 6 1.24| 10/27/90 89 0 1.71 1.24 02/13/97 | 02/01/82 15 15 1
72]48-5310 WN 02/11/97 86 0 T.77| 03r1/91 55 0 277 1.77| 02M14/97 | 07/01/87 10 10 6
73/48-5317 WN 02/11/97 1 74 0 2.061) 03/21/89 58 0 2.63 2.06( 02/11/97 | 04/01/82 15 15 2
74485323 WF 08/10/95 235 1 0.65 | 04/24/89 190 0 0.80 0.65| 08/10/95 | 10/01/80 15 17 23
75|48-5328 WN 08/35/03 | 133 0 115 03/11/91 104 0 1.47 1.15| 08/05/93 | 09/01/75 18 22 1
~ 76]48-5334 WF 08/11/95 219 n 0.70| 04/25/89 215 0 0.71 0.70| 08/11/95 | 04/01770 25 27 0
77 48.5335 WF 08/10/95 209 0 0.731 04/24/89 184 0 0,83 0.73| 08/10/95 | 10/01/80 15 17 6
78148-5336 WF 08/08/95 1621 0 0.94] 01/11/90 87 0 1.75 0.94| 08/08/95 | 12/01/86 9 11 0
79/51-2564 WN 03/20/91 166] 0 0.92 0.92 [ 03/20/91 | 02/01/69 22 28 0
80(51-5008 WN 03/20/91 156 0 0.98 | 0.98 | 03/20/91 | o8/01/77 14 20 0
81 51-5009 WN 12/18/96 128 2 1.48] 03/20/91 79 0 1.93 1.19] 12/18/96 [ 06/01/80 16 17 4
82 51-5010 WN 03/20/91 25 0 6.10 03/20/91 | 10/01/88 3 9 0
83 54-5007 WF 05/01/91 212 2 0.72 0.72] 05/01/91 | 06/01777 14 20 n/a
84 55-5037 WF 08/24/88 85 0 .79 10119/80 | 109 )] 1.40 140 10119/90 [11/01773 17 24 0
85 55-5040 WF 11/07/94 118 0 1.29| 09/12/89 20 0 1.69 1.29] 11/07/94 | 11/01/80 14 17 0
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Table 5. GPS-5 data summary (continued).

Average
Depth Reinfor- | Mean Split
Design 9% Reinfor- Jong. Bar Trans. Bar|cement Slab Average Tensile E Lab E Slab Base E Base Base Date

Section | Avg IRI, Long. cement, [ Spacing, [Spacing, Place Thick, |[Compressive | Strength, | Tested, Backcalc., Thickness, Backcalc., [Material Modulus
No. Section 1D IRl Date m/km Steel mm mm mm Method mm Strength, MPa MPa GPa GPa mm GPa Type Evaluated
1/01-3998 | 05/04/90 1.32 0.59 76 168 782 |chairs 203 57.7 6.2 46.3 58.0 152 8.4[sc 09/13/90
2[01-5008 | 12/10/80 0.94 0.68 114 185 985 [Chairs 229 55.8 152 8.1 JACM 09/17/90

3losa-7079 | 03/23/30 1.03 0.57 114 152 884|Chairs. 229 4.7 27.2 102 IagMm

4 105-5803 09/23/94 1.45 0.81 102 102 406|Chairs 203 1521 ACM
5 105-5805 09123194 1.32 0.61 89 160 762{Chairs 203 53.7 178 7.8|ACM 06/07/93
6[06-7455 05/01/91 1.23 0.56 102 165 1524 Chairs 213 4.8 32.0 54.0 137 7.8|CAM 12/01/89
7]09-5001 | 04/12/96 1.80 0.60 102 160 864 |Chairs 203 629 A8 36.7 44,9 254 6.5[G 04/09/96
8 [lo-5004 10/17/93 1.18 0.60 97 152 Chairs 229 4221 4.21 21.9 30.4 102 4.4]SC 03/16/93
9 10-5005 06/19/91 1.07 0.60 97 152 Chairs 203 34.51 48 18.6 38.8 1021 53|SC 07/26/91
10[13-5023 | 05M7/04 1.28 0.60 99 152 Mech 216 49.9 5.3 33.2 43.2 152 6.3|CAM 03/15/95
11 [16-5025 09/12/94 2.39 0.61 64 229 Other 203 3.5 29.6 32.0 102 4.6/CAM 08/01/95
1217-5020 | 03/06/91 177 073 76 193 1218 [Chalrs, 203 48.1 4.7 23.6 37.4 102 5.4/PAM 11/01/90

13 |17-5151 03/1 1195 1.15 0.69 76 165| 1218{Chairs 203 4.1 33.8 102 G

14[17-5843 | 06/12/90 1.18 0.71 58 185 1219 [Mech 254 65.1 4.5 40.7 28.9 102 4.2|CAM 07/30/90
15[17-5849 03/12/90 1.58 0.70 Other 178 55.8 4.6 276 487 102 7.1]ACM 111 3/89
16(17-5854 04/09/90 2.13 0.61 94 127 Mech 254 55.9 46 343 53.6 102 7.8/CAM 05/02/90
17]17-5869 04/10/80 170 Qia ajg 147 |Mech 229 64.6 54 40.3 29.1 102 421LT 05/02/90
18(17.5908 | 10/06/02 | 2.2 0571 76 1651 1219/|Chairs”_ | 203 62,5 35 23.1 425 102 6.2|ACM 03/24/93
19]17-9267 | 04/08/90 1.10 76 165 1219/Chairs 203 60.7 47 42.9 433 102 6.3/ACM 09/19/80
20(18-5022 03/18/95 0.94 0.60 Mech 229 50.9 3.7 40.5 453 102 6.6/ ACM 07/21/90
21 (18-5043 06/13/91 2.41 0.60 Chairs 185 54.8 35.8 376 203 55|G 05/17/90
22]|18-5518 07725/90 1.32 0.61 Chairs 229 449 4.9 33.2 38.1 152 55|G 04/30/92
23[19-5042 | 06/19/90 1.70 0.65 89 216 Mech 203 56.2 4.3 30.0 50.3 102 7.31ACM 04/18/90
24[19-5046 | 09/16/94 1.55] 0.65 88/ 216/ Mech 203 51.71 31.21 4551 1021 6.6|CAM 08/30/94
25[19-0116 | 04/08/90 0.84 0.65 76 216 Mech 203 48.2 3.4 33.8 457 102 6.6/ACM 07/10/89
2 6 (24-5807 12/04/95 1.48 0.53 109 241 1372 |Chairs 229 40.7 45 30.6 51.0 152 7.4|CAM 04/24/89
27128-5363 04/22/93 1.83 0.70 102 165 Other 229 52.2 30.1 371 102 54|G 06/25/90
28[27-5076 | 05/22/90 0.77 Qther 229 622 52| 372 425 152 6.2|G 07/02/90
2.9)28-3099 10/09/91 1.47 0.611 102 166 1067 |Chairs 203 68.6 5.6/ 9L 1 328 152 4.8/SC 10/10/91
30{28-5006 12/05/80 1.45 0.59 97 165 914|Chairs 203 64.8 52 34.6 32.0 152 4.6|/CAM 10/08/90
31]28-5025 08/01/95 1.41 0.59 97 165 914{Chairs 203 47.8 102 6.9]ACM 10/31/04
32(28-5803 01/27/94 1.55 0.59 97 165 914 Mech 203 53.7 4.9 315 28.5 152 41|ACM 11/29/95
33|28-5805 06/04/90 1.30 0.59 76 165 762|Chairs 203 70.2 102 10.2|ACM 11/23/92
34|29-5047 03/19/90 1.59 0.60 89 152 1219|BTW 203 47.0 5.0 348 55.5 102 8|G 10/24/89
35/31-5052 11/20/89 1.05 0.75 64 152 914|Chairs 203 40.1 4.2 257 62.2 76 9(SC 08/11/89
36|37-5037 11/16/94 1.07 0.60 102 762 305|Chairs 203 55.6 4.9 21.4 34.8 102 5|G 01/29/96
37(37-5826 | 03/26/91 1.22 0.65 76 152 762|Other 203 55.5 4.7 28.4 40.7 38 5.9(ACM 10/l 6/89
38|37-5827 04/25/96 0.99 0.60 76 152 762|Other 203 44.9 3.7 22.2 38.8 102 5.6|G 12/17/96
39|38-5002 10/25/89 1.26 0.60 102 165 1219|Mech 203 41.5 51 6|ACM 08/28/90
40(39-5003 | 04/04/94 1.15 0.96 102 160 762|Chairs 254 51.7 5.4 26.2 41.2 102 6[ACM 0713/94

41|39-5010 09/28/89 1.84 Other 203 102 CAM,
42|40-4158 | 08/28/91 1.03 0.61 1271 185 1118|Mech 262 40.01 114 5.8 |JACM 05/19/93
43/40-4166 | 11/17/93 0.95 0.721 1271 185 1118|Mech 259 56.3 451 33.4 453 102] 6.6/CAM 05/28/93
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Table 5. GPS5 data summary (continued).

Average
Depth Reinfor- | Mean Split
Design % | Reinfor- | Long. Bar|Trans. Bar| cement | Slab Average Tensile | Elab E Slab Base E Base Base Date

Section Avg IRI, Long. cement, | Spacing, | Spacing, | Place Thick, | Compressive | Strength, | Tested, | Backealc.. | Thickness, | Backcalc.. | Material Modulus
No. |SectioniD| IRI Date m/km Steel mm mm mm Method mm | Strength, MPa| MPa GPa GPa mm GPa Type Evaluated
44(40-5021 | 09/16/93 0.94 0.59 114 147 1118|Mech 229 48.7 89 71 |ACM 05/18/93
45|41-5005 1117/89 132 0.51 122 147 1524 |Chairs 279 5.e 31 60.4 165 8.8 |L.C 1 OH 8/89
46|41-50hg | RD/D/RR 4.43 0.51 102 165 1524|Chairs 203 3.E 28.¢ 73.7 152 10.7 [CAM 04/30/96
47/41-50( . L rs 203 3.3 31.: 37.8 102 5.5 [CAM 08/24/89
48(41-5021 03/31/93 1.091 0.51] o 102] w  165] 1w 1524|Mech 274 5.9 22.¢ 41.5 229 6{CAM 06/27/94
49 [41-5022 11/18/89 0.94 0.51 76 122 1524 [Chairs 305 5.5 2.: 33.3 508 486 05/23/96
50 [41-7081 05/20/97 0.82 0.70 109 165 914 [Chairs 254 5.1 26.( 51.0 203 7.4LC 04/19/96
51 [42-1598 11/08/95 1.81 0.65 a9 147 864 [Chairs 229 65.0 4.4 43.1 36.9 203 536 07127195
52[4L-1617 1171019 0.84 0.64 89 152 664 [Chalrs 229 41.3 5.5 40.( 38.2 203 556 04/25/90
53 {42-5020 05/16/90 1.81 0.65 89 203 864 |Chairs 229 48.6 4.2 43.t 59.3 152 8.6[G 04/24/90
54145-5017 04/20/92 2,05 0.57 | 99 152 762 |Chairs 229 44.8 59 20.¢ 35.2 152 5.1|CAM 08/31/92
55[45-5034 04/29/92 1.42 0.64 89 152 762 [Chairs 203 47.4 3.8 21.f 36.0 127 5.21cT 09/02/92
56 [45-5035 04/10/94 1.22 0.64 89 152 762 [Chairs 203 50.7 3.6 21, 40.8 127 5.9/cT 10/26/92
57 [46-5020 06/16/93 0.97 0.59 64 165 1219 [Chairs 203 54.0 4.5 27.f 34.5 51 5]ACM 10/05/93
58[46-5025 11/18/89 1.31 0.59 64 165 1219 [Chairs 203 56.8 5.a 29.1 45.6 76 6.6 G 06/08/89
59[46-5040 11/13/89 1.9 0.65 64 152 1118 [Chairs 203 73.4 5.6 33.2 39.4 76 5706 10/25/91
60 [48-3719 02/03/95 2.29 0.51 102 191 610 [Chairs 203 51.9 4.3 44.1 48.5 102 6.7|CAM 01/04/95
61 [48-3779 10/13/94 2.23 0.51 102 191 914 [Chairs 203 355 51 5.2|ACM 11/16/94
62 [48-5024 01/31/95 2.32 0.60 127 185 914 [Chairs 254 65.1 102 9.4|ACM 10/06/93
63 [48-5026 02/01/05 1.72 0.56 127 198 610 [Mech 254 62.7 5.7 37.i 48.7 152 7.1 [CAM 03/06/90
64 [48-5035 . 12/07/94 1.86 0.61 102 160 914 [Chairs 203 36.0 152 5.2|ACM 08/23/93
65(48-5154 | 01/30/95 1.66 0.52 102 191 914/|Chairs 203 66.9 102 9.7|ACM 12/03/91
66(48-5274 | 12/08/94 1.66 0.51 102 191 914[Chairs 203 38.6 102 5.3|ACM 08/19/93
67(48-5278 | 11/16/94 1.67 0.61 76 216 914|Chairs 152 59.9 102 8.7JACM 01/27/95
68(48-5283 | 12/07/94 1.18 0.52 127 216 610|Chairs 254 38.6 51 5.6 |ACM 08/25/93
69|48-5284 12/07/94 2.43 0.50 140 203 610 |Chairs 279 39.0 51 5.7|ACM 08124193
70148-5287 12/06/94 2.02 0.51 102 191 914|Chairs 203 29.0 102 4.2 [ACM 02/12/96
71/48-5301 12/05/94 1.69 0.60 127 185 914 |Chairs 254 46.6 51 6.8 JACM 08/20/03
72|48-5310 | 12/06/94 2.01 0.50 140 203 610|Chairs 279 34.6 102 5[ACM 08/30/93
73|48-5317 12/12/94 234 0.51 102 191 914|Chairs 203 51.7 51 7.5 |ACM 08/18/93
74|48-5323 11/22/94 1.79 0.61 114 203 914|Mech 229 57.0 4.1 29.% 38.1 152 5.5[ACM 0172375
75|48-5328 | 04/21/93 1.59 0.61 102 160 914|Chairs 206 45.1 109 6.5 JACM 08/31/93
76|48-5334 01/12/95 1.10 0.51 97 191 762|0ther 203 47.4 4.8 35.¢ 37.5 102 5.4|ACM 01/18/95
77148-5335 | 11/22/94 2.01 0.61 114 203 914|Mech 229 63.9 49 35.0 28.9 152 4,2|ACM 01/20/95
78(48-5336 11/21/94 142 0.61 114 203 914|Mech 229 43.9 152 6.4|ACM 01/25/86
79(51-2564 06/21/91 0.87 0.60 89 162 Mech 203 51.6 4.4 24.¢ 29.6 152 4.3|SC 02/27/90
80(51-5008 | 06/21/91 2,07 0.60 89 152 Mech 203 45,2 5.0 25.1 36.3 127 5.3/SC 02/28/90
8151-5009 | 12/13/95 217 0.60 89 152 Mech 203 50.2 43 25.3 53.7 152 7.8|CAM 04/30/90
82{51-5010 | 12/07/89 1.55 0.65 102 191 Mech 229 390.0 46 3l.c 53.3 203 7.7/CAM 05/01/90
83]54-5007 | 11/15/91 235 0.65 76 Chairs 203 57.7 5.2 21.9 24.0 152 3.5|ACM 06/17/91
84|55-5037 | 09/17/95 1.14 0.61 76 229 Mech 203 59.4 58 34.6 49.4 152 7.2|G 08/21/90
85]55-5040 | 07/14/94 2.39 0.65 76 216 Other 203 54.9 5.4 42.7 43.3 152 6.3|/G 11/07/94
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Table 5. GPS5 data summary (continued).

Average
Annual Average
Freeze Daily
k-value | AASHTO Outside index, Annual Temp.
Section Backealc., Soil _ Soil Type Shoulder degrees C | pracip,, Range. KESAL_
No. [SectioniDl Bond | MPa/mm | Classif. | Coarse/Fine Type degrees C 18k Total
1]01-3998 1.01 91 1A-2-4 c PCC (JPCPB 13.6 6912
2|01-5008 1.0 44|A-5 F PCC (1bOD) M 1345 13.8 884(
3[04-7079 A-8 F pCC (JPCP) 0 70¢
4105-5803 A4 F AC 69 1336 11.9 182(
5|05-5805 1.0 159 - \PCCLIPCP) 3 1298 11.9 212:
6]06-7455 1.0 42|A6 c |AC I 1 270 151] 1564
7/09-5001 1.0 33|A-2-4 397 12431 12.21
8{10-5004 0.0 36/A-1-b u La~ 1 197 10941 1051 4031:
9110-5005 1.0 78|A-4 F IPCC (JRCP) 125 1160 11.6 597¢
10[13-5023 1.0 69/A-3 c ac 2 1266 11.2 2133:
11[16-5025 1.0 103]A-1-a Cc AC 543 370 17.0 1450;
12[17-5020 0.0 48(A-6 F PCC (JPCP) 196 1036 12.1 32
13(17-5151 A-4 c PCC WRCP) 1745
14/17-5843 1.0 57(A-6 F AC 548 820 11.4 489;
15{17-5849 1.0 65|A4 F AC 468 1000 11.8 1025(
16{17-5854 0.0 51|A-6 F AC 462 968 11.9 70¢
171}17-5869 1.0 781A-4 F AC 506 979 116 113¢
18 [17-5908 1.0 58 |A-1-b C AC 255 58 124 246¢
19 [17-9267 1.0 82 [p-1-b [ PCC (JRCP) 565 925 10.7 1631°
20 [18-5022 1.0 73A4 E rY3 393 1055 11.6 6311:
21] 185043 101 70(A-7-6 c Tac mu 10§ T 32
22[18-5518 1.0 73|A-2-4 i ‘ . 6802¢
23119-5042 1.0 57\1A4 F AC 823 828 12.0 592!
24(19-5046 1.0 83|A-2-4 C AC 814 820 11.9 845°
25(19-9116 1.0 58|A-6 F AC 933 821 11.4 689«
26|24.5807 1.0 69|A4 F PCC (JPCP) 131 1075 11.0
27126-5363 1.01 50 [A-2-4 C AC 483 860 10,6 308¢
28 27-5076 1.0 46 |A-4 F AC 943 798 11.1 548¢
29 28-3099 1.0 44 [A-7-6 F PCC (JRCP) 18 1570 14.0 249(
30 [28-50086 1.0 120|A-7-6 F AC 571 1387/ 12.8 2364
31 [26-5025 0.0 103]A-24 Cc PCC (JRCP) 24| 15611 13.51 150
3228-5803 1.0 61 [A-2-4 C AC | 971 1441 | 127 511;
33/28-5805 .00 57IA3 G AG [ —a)| 40D 40.0] 144
24)20-6047 10 42(As F PCC (JRCP) 305 958 12.31 539
_ 35/31-5052 1.0 13[a786 3 AC 574 7341 I1.51 526
36|37-5037 1.0 55|A-5 C AC 83 - 13.4 1236
37|37-5826 1.0 34 (A4 [ AC 1175
38|37-5827 1.0 31|A-1-b C AC W 1150 1163 b0 8 31l
39(38-5002 1.0 32]A-7-6 F IPCC (JPCP) 1299 510 12.0 497
40(39-5003 1.0 125|A-4 F PCC (JPCP) 364 952 10.8 82:
41139-5010 A-4 F AC 429 980 126 227:
42140-4158 1.0 84/A-2-4 [ PCC (JPCP) 80 1072 136 922¢
43/40-4166 1.0 106]A-6 F PCC (JPCP) 55 1686 12,3 10481
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Table 5.

GPS-5 data summary (continued).

Average
Annual Average
Freeze Daily
k-value AASHTO Outside Index. Annual Temp.

Section Backcalc., Soil Soil Type Shoulder JegreesC | precip.. Range, KESAL_
No..  {Section IDy Bond MPa/mm | Classif. | Coarse/Fine Type days mm degrees C [18k Total
44140-5021 1.c 75|A-6 F PCC (JPCP) 141 1065 12.9 673¢
45[41-5005 oc[ 8 7[A-6 (o AC 1 377 11.7 110%
48)41-5006 1.0 3B|A-7-6 F AC 21( 426 13.5 13754
47)41-5008 I.C 1415|A-2-6 C AC 21; 428 13.4 995t
48|41-5021 1.0 71|A4 F IAC 2i 1117 12.7 11568
49|41-5022 1.0 50]A-6 F IAC 2 1126 12.3 1692
50{41-7081 0.C 97|A-1-b C IAC 12« 176 11.8 146¢
51/42-1598 1.0 107|A-2-4 C PCC (JRCP) 24( 1033 10.5 2282¢
52{42-1617 1.0 99 C JAC 20; 1132 11.3 638"
53]42-5020 1.( 51|A-4 F AC 21¢ 1116 11.5 5111
54145-5017 1.0 164|A-2-4 C AC 2 117§ 12.9 829¢
55|45-5034 1.0 1210]A-2-4 Cc AC If 1147 13.3 497:
5645-5035 0.( 74|A-2-4 C AC 1 1138 13.0 603¢
57(46-5020 1.0 1255[A-2-4 C AC 62( 451, 15.8 94;
58)46-5025 1.0 39|A-7-6 F AC 57¢ 4oc) 15.0 55!
59|46-5040 1.0 39|A-6 F AC 91( 60€; 12.5 134:
60(48-3719 1.0] 4 T|A-7-8 F PCC (JRCP) 1518 10.5 919¢
61{48-3779 1.0 48 AC 1 264} 18.1 932!
62]|48-5024 1.C 85|A-2-6 c PCC (JPCP) If 99¢) 14.1 152:
63|48-5026 1.0 53|A-78 3 pCC (JPCP) | 1123 9.8 23¢
64 {48-5035 1.0 209 PCC (JPCP) 3t 934} 12.0 949:
65|48-5154 1.0 130[A-2-7 C AC [ 953 12.2 10317
66 (48-5274 1.0 75|A-2-7 Cc AC 3¢ 861 12.4 592¢
67|48-5278 1.0 16B|A-2-4 Cc AC 3: 404} 15.2 118¢
68|48-5283 1.0 10:2]A-2-6 C PCC (JPCP) 4% 965 12.5 155’
69(48-5284 1 84|A-2-6 C PCC (JPCP) L 96¢) 12.8 101¢
70|48-5287 0.0 6(5]A-5 F AC 3 i a8} 12.8 4531
71|48-5301 1.0 129]A-6 F PCC (JPCP) 5: 83¢} 12.9 1764
72148-5310 1.0 95|A-7-6 F PCC (JRCP) 4 946 13.8 223t
73/48-5317 0 4 TjA2-7 c PCC (JRCP) 3t 88t 125 4426
74]148-5323 | L 8 1]AB F PGG . JPCP) 13¢ 56€; 15.3 974t
75]48-5328 1. 8:2|A-5 F PCC (JRCP) 51 85¢) 12.7 729:
78(48-5334 l.c 10:2[A-4 t PC.C (JRCPY 13: 574 15.0 1175«
11]48-5335 1.0 8'1[A-6 F PCC (JPCP) 13( 5841 15.3 891«
78|48-5336 1.0 79|A-7-56 F PCC (JPCP) 13¢ 52¢€; 15.9 148¢
79151-2564 0. 90|A-4 F AC 4! 1178 10.2 1175¢
80(51-5008 0.0 85|A-4 F AC 48 1159 9.7 1050¢
8151-5009 0.0 87|A-24 [ AC 7¢ 1077 12.2 220i
82{51-5010 0. 10'1|A-7-6 F PCC (JPCP) 71 1092 12.2 as!
83|54-5007 0.0 50|A-4 F AC 3L 1215) 13.0 175:
84|55-5037 1.0 11B|A-1-b C AC 108¢ 811 12.9 2823
85|55-5040 1.0 43]A-7-6 F pcc (JPCPY 52 5 9.3 911¢
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Figure 7. Transverse bar spacing.

2. Most sections have 0.62 percent or less longitudinal stedl. Only 10 sections had
steel equal to or greater than 0.7 percent. Fifteen sections had steel equal to or less
than 0.5 percent.

3. Depth of longitudina reinforcement was generaly greater than 75 mm.

4. Spacing of longitudinal bars was generdly more than 150 mm.

5. Where transverse bars were used, bar spacing was generally greater than 600 mm.

Base andSubgradelnventoryData

Base material was characterized by materia type as presented in table 5. The materia type
codes used in table 5 are as follows:

G Gravel

SC  Soil Cement

ACM Dense-Graded, Hot-Laid, Centra-Plant AC Mix
CAM Cement-Aggregate Mixture

LC Lean Concrete

LT  LimeTreated Subgrade Soil

CT  Cement-Treated Subgrade Soil

PAM Pozzolanic-Aggregate Mixture

17



Data for the subgrade includes American Association of State Highway and Transportation
Officids (AASHTO) soil classfication and clasdfication by soil partice sze as coarse-grained
(C) and fine-grained (F) (given in table 5). The subgrade type for 43 percent of the GPS-5
sections was identified as coarse-grained and 57 percent were identified as fine-grained based on
the inventory data The actud percentage distribution for subgrade types according to AASHTO
classfication (based on fidd sampling and laboratory testing) is given in table 6.

Table 6. Percentage didtribution of AASHTO subgrade types for GPS-5 sections.

AASHTO Classfication No. of Sections Percent Distribution
A-l-a 1 1.2
A-I-b 6 7.1
A-2-4 15 17.6
A-2-6 4 4.7
A-2-7 3 3.5
A-3 2 2.4
A-4 18 21.2
A-5 4 4.7
A-6 15 17.6
A-7-5 1 1.2
A-7-6 12 14.1

Not Known 4 4.7

Shoulder  Type

Information on outside shoulder type is given in table 5. Forty percent of the GPS-5
sections have concrete shoulders and 60 percent of the sections have AC shoulders. The concrete
shoulders are typicaly plain jointed ‘concrete. However, there are a few jointed reinforced
concrete shoulders. There are no CRC shoulders.

Climatic Data

Climatic data for GPS5 sections include climétic region type, average annud freezing
index, average annual precipitation, and average daly temperaiure range. The key climatic data
for GPS5 sections are given in table 5 and are presented in figures 8 through 10. The climatic
data are based on values averaged over the years that each section has been in service.

Traffic Data

The cumulaive 80-kN equivaent single-axle load (ESAL) was used to characterize traffic
loading. The cumulaive 80-kN ESALSs to the date of the distress survey were evauated by
summing the edimated annua  80-kN ESALSs over the years the sections were in service up to the
time of the latest distress survey. In the cases where some ESAL vaues were missing for a few
years, regresson anayss was used to estimate the annud totd ESALS for these years.
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Section 24-5807 had no traffic data and was therefore not considered in subsequent analyses. A
summary of the ESAL data is given in figure 11.
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Figure 10. Average daily temperature range.

Profile Data

International Roughness Index (IRI) is one of the indices used in the LTPP program for
characterization of pavement section roughness. IRI values determined at different test times over
the years are available in the database,. Values at times that correspond to the latest distress survey
dates were used for characterization of profile condition of pavement sections. A summary of IRI
data is given in table 5 and figure 12. The IRI values for GPS-5 sections ranged from about 0.7 to

2.4 m/km, with a large number of sections exhibiting IRI vaues less than 1.8 m/km. Considering
the service lives of the CRC.sections.in the GPS-3 experiment, the CRC pavements are exhibiting
good ride characteristics. . '

Crack Spacing Data
The CRC pavement distress data under the LTPP program are available from two types of
condition surveys: the manual distress survey and the photographic survey using the PADIAS

system. For the purposes of the analysis presented in this report, the following guidelines were
used:
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1, If data from several survey dates were available, the information from the latest
survey was used.

2. If the manual and PADIAS surveys indicated a different number of cracks or local
failures for the same section, the survey that recorded the maximum number of
cracks was used.

Average transverse crack spacing was calculated by dividing the length of the section by
the total number of cracks. The total number of localized failures was found as a summation of
the totd number of rigid and flexible patches and punchouts. Table 5 gives a summary of GPS-5
distress survey data. Generally, PADIAS surveys predicted larger crack spacings compared to the
manua survey, as shown in figure 13. The crack spacing shown in figure 13 is based on the most
recent surveys listed in table 5. Overdl, the average crack spacing for the GPS-5 test sections was
found to be about 1.2 m (4 ft) based on manua surveys. It appears that the photographic
procedure fails to adequately identify all low-severity transverse cracking.

Out of 85 sections, there were 2 sections without both manual survey data and PADIAS
survey data (sections 17-5 15 1 and 42- 16 17). These two sections were excluded from transverse
cracking analysis. There were four other sections with unreasonably large crack spacing
cdculated from the PADIAS distress survey (sections 24-5807, 41-5005, 41-7081, and 51-5010).
These four sections did not have manual surveys. These four sections were also excluded from
the transverse cracking analysis.

Both manua and automatic surveys indicate a very small percentage of high-severity
transverse cracking and a moderate amount of medium-severity cracking in al the sections, as
summarized in table 7.

Table 7. Severity of transverse cracking.

Percentage of Cracking
Survey Type Low-Severity Cracks | Medium-Severity Cracks High-Severity  Cracks
Manual 78.91 21.74 0.26
PADIAS 63.14 36.27 0.59

Note: Based on total amount of cracking.
Punchour and Patching Data
The tota number of punchouts and patches for each section is given in table 5. It is seen

that localized failures have not been a serious problem to date at the GPS5 sections. There were
16 sections exhibiting locaized failure, as summarized below:
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One section reportedly exhibited 23 punchouts/patches. This is considered an error in
interpretation of the distress data. Twenty-three locdized failures over a length of 152.4 m would
equate to a rate of about 150 localized failures per kilometer. It is unlikely that any highway
agency would permit such a high amount of localized failures to remain on a public highway.

It should be noted that, as shown in table 5, none of the nine sections that have been
overlaid and the one section that was taken out of the study exhibited no localized failures. Also,
eight of the nine overlaid sections had IRl values less than 1.5 m/km. The section that was taken
out of the study had an IRl value of 2.35 m/km at the time of the last profile survey. It thus
appears that the appropriate overall pavement projects are performing far worse than the overlaid
test sections. It further appears that performance evaluation of CRC pavements should
incorporate longer lengths of pavement to ensure that representative failure conditions in the
pavement are reliably obtained, Thus, the visual condition survey should include a survey of 5- to
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8-km lengths of the CRC pavement in addition to a detaled survey of the 152.4-m (500-R)
monitoring length of the tes section. The longer visud condition survey should record at least the
number and severity of punchouts, patches, and other locdized failures.

SUmmary

The small amount of localized failures observed a the GPS'5 test sections limits the type
of andyss that can be carried out to evaluate the performance of CRC pavements. It appears that
most of the CRC pavements are performing well, or rather, exceptionaly well. This observation
is aso supported by the low IRI vaues determined for the GPS-5 test sections.
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CHAPTER 3. EVALUATION OF CRACK SPACING DATA
Introduction

It is well established that transverse crack spacing in CRC pavements is influenced by the
percent of longitudind reinforcement, concrete strength, and dab/base interface friction. Recent
efforts have dso shown that the transverse crack spacing peattern is influenced sgnificantly by the
ambient weather conditions at the time of concrete placement and a few days thereafter. As such,
the long-term crack spacing pattern is influenced by the conditions during the first few days after
concrete placement. The LTPP database contains no data on ambient weether conditions during
time of concrete placement. In addition, data on specific dates of congruction of the test section
portion of the roadways are not avalable. Thus analyss of the crack spacing petterns for the
GPS-5 sections have to rely on other attributes that relate to the properties of the CRC pavement
and generd climatic data

Another data type that is currently not avaladle is the data on individua crack spacing.
Without this data, andyss of the characteristics of the crack spacing pattern is not possble.
Previous studies have shown that frequency distribution curves for crack spacing and plots of
“average spacing of the closest five cracks’ (ASCFC) can be useful in understanding the behavior
of CRC pavements and in determining potentia areas of future locdized failures. The ASCFC
plots can identify poor crack spacing patterns within a section of CRC pavements. Cluster
cracking aress and areas with large’ crack spacings can be easly identified. Wide crack spacing
can result in premature crack spdling and “companion” punchouts a the location of wide cracks.
Typicd frequency digtribution curves and the plots of ASCFC are shown in figures 14 and 15. It
is believed that in the future, the interpretation of distress data will dso include data on individua
crack spacing aong the 152.4-m length of each GPS'5 test section. Future andyss of the CRC
pavements will dso benefit if actud disress survey maps are made avalable to the anayss.
Then it would be possble to relate the locations of the failures to crack spacing characteristics a
these locations.

Another data type that is missng from the LTPP database is the crack width data. No
attempt has been made to date to measure crack width at the GPS-5 test sections, Crack width
data are needed to study the correctness of gpplying various crack width criteria as part of the
design of CRC pavements.

Bi-Variate Plots

The following independent varigbles were sdected to andyze ther effect on-crack
spacing:
Depth to the reinforcement.
Freeze index.
Annud precipitation.
Dally temperaure range.

o Age a the time of distress survey.
e Cumulaive ESALs.

e Sab thickness.
[}
[ J

Elagtic modulus of the concrete.
Design percent ded.

25



100

Location Within Site, ft

80
L
[ &0
©
=
E «
o
2
0
o 1 2 3 4 5 6 7 8 9 10 11 12
Crack Spacing, ft
Figure 14. Typical crack spacing distribution plot for a CRC pavement’.
Crack Spacing for IL-2
12
T 14
% 13 1
s o] Ramge
27 71
o 6 A - < J\v V/\
- B
g8 s AN A W AR
@3 3_7/\ YUYV P WMAAT T W 4 v T
i 27 ‘ ' VV v Average
g 14 1 ft=0.305m
© 0 : ; % : :
0 200 400 600 800 1000

Figure 15. Typical plot of ASCFC for a CRC pavement’,

26




The bi-variate plots of transverse crack spacing with respect to the above-listed independent
variables are presented as follows:

Figure 16 — Crack spacing versus age.

Figure 17 = Crack spacing versus cumulative ESALs.

Figure 18 — Crack spacing versus dab thickness.

Figure 19 — Crack spacing versus concrete modulus of elasticity.

Figure 20 — Crack spacing versus percent longitudinal steel.

Figure 21 - Crack spacing versus percent longitudina stedl (age < 10 years).
Figure 22 - Crack spacing versus percent longitudina steel (age > 10 years).
Figure 23 -« Crack spacing versus depth to longitudina reinforcement.
Figure 24 — Crack spacing versus annual air freezing index.

Figure 25 - Crack spacing versus annual precipitation.

Figure 26 — Crack spacing versus average daily temperature range.

Figure 27 - Crack spacing versus longitudina bar spacing.
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Figure 16. Crack spacing versus age.
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Figure 18. Crack spacing versus slab thickness.
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Figure 27. Crack spacing versus longitudina bar spacing.

It is seen from a review of figures 16 through 27 that no clear trends are evident on the
basis of hi-variate analysis of the data. The long-term crack spacing pattern, as represented by
average crack spacing, is dependent on the interactions of possibly dl of the independent variables
considered together with the ambient conditions during the first few days of construction. As
such, an understanding of the effect of the variables noted would have to consider the interactions
and the confounding ‘effects of each of the variables. One method to account for these effects is to
use multiple regresson anadysis. A limited effort was made to determine if robust explanatory
models could be developed for crack spacing using linear regression anadysis. However, the
results were not promising (low coefficient of correlations) and no further effort'was devoted to
this activity. Use of empirical analysis was not part of the scope of the study and the results are
therefore not reported here.

Effect of Cracking on Ride

The effect of transverse cracking on ride is shown in figure 28. No clear trends are-
apparent. This is possibly due to not considering the influence of initial roughness. It should be
noted that previous studies have indicated that initially smooth (as-constructed) CRC pavements
generaly remain smooth, and rough (as-constructed) CRC pavements tend to become rougher
with time. o .
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Figure 28. Effect of crack spacing on IRI.
Effect of Crack Spacing on Deflections

To determine the relationship between crack spacing and deflections as measured by the
falling-weight deflectometer (FWD), average crack spacing was plotted versus load transfer
efficiency and the ratio of the edge deflection and the corresponding interior deflection for
sections having FWD data in the database, as shown in figures 29 and 30, respectively. No clear
trends in the ‘data can be observed. It is seen that most. of the sections exhibited load transfer
efficiency at cracks of 90 percent or more. The ratios of the edge deflection and the
corresponding interior deflection ranged from 1 to about 2. The variability within the range is
possibly due to the time of testing (curling effects), dab warping effects, and the type of shoulder.

Summary

CRC pavement behavior is characterized by crack spacing (average crack spacing and other
crack spacing-related statistics) and CRC pavement performance is characterized by the number
of localized failures (patches and punchouts), ride qudlity, and structural capacity (as determined
by FWD testing). For the GPS-5 experiment, it appears that cracking data must be obtained by
manual surveys and actual crack mapping must be done to alow appropriate crack spacing
statistics to be determined. Also, the GPS-5 monitoring plan must include a visud survey of 5- to
8-km lengths of the project to alow reliable determination of the number of localized failures per
kilometer. Crack width data are also important and should be collected over a representative
subsection of the monitored length.
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Figure 29. Average load transfer efficiency a cracks versus crack spacing.
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CHAPTER 4. ANALYSIS OF WELL AND POORLY PERFORMING SECTIONS

In order to further understand the performance characteristics of CRC pavements, andysis
was conducted of “exceptiondly” wel and poorly peforming CRC test sections. It was expected
that such an andysis would help identify some of the key design and Ste factors that afect the
long-term performance of CRC pavements. To conduct this anadlyss, two groups of sections were
formed using data from the GPS5 experiment. These groups were cdled “Wdl Peforming

Sections’ and “Poorly Performing Sections”

performing sections is given in table 8.

The st of criteria used to define well and poorly

Table 8. Criteria for identification of wel and poorly performing sections.

Criterion Weél Performing Sections Poorly Performing Sections
Years in Sarvice 20 or more 15 or less
IRI, m/km <15 Not Considered
Severe Cracking None Yes
Punchouts & Peatches None Yes

Using the above criteria, the 85 CRC pavement sections were tested. Ten sections were

identified as Wel Peforming Sections and 13 sections were identified as Poorly Performing
Sections. To find common characteristics among wel or poorly peforming sections, the
following factors were consdered as possbly affecting CRC pavement performance:

e Desgn parameters

Desgn percent longitudina sed
Depth to reinforcement
Longitudind bar spacing
Transverse bar spacing
Reinforcement placement method
Mean dab thickness

Sab dadic modulus

Base type

Base thickness

Bae dagic modulus

Subgrade type (coarse/fine)

Soil  k-vdue

Outsde shoulder type

¢ Climati¢ conditions

-~ Climatic region

Average annud freeze index
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- Annual precipitation
- Average daly temperature range

e Traffic loading data

- Traffic opening date (age as tested)
- Cumulative 80-kN ESAL

e Distress data

- Average crack spacing from manual and PADIAS crack surveys
-~ Average IRI
- Load transfer efficiency

Tables 9 and 10 present lists of well and poorly performing sections together with the key
complementary data. The key data were compared on a case-by-case basis for the well and poorly
performing sections and for al sections of the GPS-5 experiment. The results, as plotted, are
given in the following figures:

Figure 29 - Comparison of design percent longitudina steel.
Figure 30 — Comparison of depth to reinforcement.

Figure 3 1 = Comparison of longitudina bar spacing.

Figure 32 -~ Comparison of transverse bar spacing.

Figure 33 — Comparison of dab thickness.

Figure 34 — Comparison of concrete modulus of elagticity as tested.
Figure 35 — Comparison of base thickness.

Figure 36 ~ Comparison of base modulus of elasticity as backcalculated.
Figure 37 ~ Comparison of subgrade k-value as backcalculated.
Figure 38 — Comparison of annua air freezing index.

Figure 39 - Comparison of annua precipitation.

Figure 40 = Comparison of daily temperature range.

Figure 41 — Comparison of crack spacing.

Figure 42 — Comparison of IRI values.

Figure 43 — Comparison of age.

Figure 44 ~ Effect of climatic condition.

Figure 45 - Effect of reinforcement placement.

Figure 46 - Effect of base type.

Figure 47 - Effect of subgrade type.

Figure 48 —~ Effect of shoulder type.

No clear trends are readily apparent for well and poorly performing pavements. For the
numerical parameters discussed above, the two-sample t-test (with unequal variances assumption)
was utilized to determine if the group means for the parameters in question for well and poorly
performing groups were significantly different. The results indicated that the dab thickness and
the concrete modulus of elagticity were significantly different at a level of significance of 0.05.
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Table 9. Lists of well performing sections and complementary data for sections

Section [Design %  |Depth to Longitudinal [Transverse /Reinforcement/Mean Slab|E Slab E Sab Base  |Base E Base

LiLongudinal [Reinforcement, |Bar Spaging |Bar Placement  Thickness, |Testted, [Bactkcalculated, |Type Thickness, [Backcalculated,
/ID Steel mm mm Spacing, Method /mm GPa GPa Treated/ |mm GPa

mm Granular
05-5803 0.61 101.60 101.60 406.40 Chairs 203.20 TB 152.40
06-7455 0.56 101.60 165.10 1524.00 Chairs 213.36 | 3204 54.00 GB 137.16 7.8
1_10-5005 0.60 96.52 152.40! Mech 203.201 18.60 36.60 TB 101.60 5.3
13-5023 0.60 99.06 152.40 Chairs 21590 [ 3324 43.20 B 152.40 6.3
17-9267 76.20 165.10 1219.20 Chairs 203.20 [ 42.89 43.30 TB 101.60 6.3
3 1-5052 0.75 63.50 152.40 914.40 Chairs 203.20 | 2567 62.20 TB 76.20 9
37-5037 0.60 101.60 762.00 304.80 Mech 20320 | 21.36 34.60 B 101.60 5
46-5020 0.59 63.50 165.10|  1219.20 Chairs 20320 | 27.56 34.50 B 50.80 5
48-5334 0.51 96.52 190.50 762.00 Chairs 203.20 | 3497 37.50 TB 101.60 5.4
51-2564 0.60 88.90 152.40 Other 20320 | 24.80 29.60 TB 152.40 4.3
Table 9. Lists of well performing sections and complementary data for sections (continued).

Section |Subgrade k-vaue Outside Climatic  |Average  [Annual Average Age as ESAL |Average |Average [LTE
ID Type Coarse/| Backcalculated, | Shoulder Region Annual Precipitation, Daily Tested, Total Crack IR],

Fine MPa/mm Type Freeze mm Temperature | year (*1000) Spacing, m [m/km

Index, °C- Range, °C
days

05-5803 C AC WNE 68.61 1336.00 11.88 21| 1820 0.96] 145 0.92
06-7455 C 42.28 AC DNF 0.53 270.00 1513 20 8971 0.69 1.23| 0.98
10-5005 C 78.31 AC WF 125.00 1160.00 11.64 20 5976 1.54 1.07] 0.98
13-5023| F| 69.43 AC WNF 1.81 1266.00 11.24 20| 21332 1.91 1.26] 096
L1=y20/ F 82.32 AC WF 564.89 925.00 10.65 23| 16311 0.72 1.10{ 1.00
31-5052 F| 43.06 AC WF 573.94 734.00 1147 20 5263 120 1.05
37-5037 F| 54.74 AC WNF 83.10 1175.00 1343 24] 12365 127 1,07
46-5020 C 124.76 | PCC (JRCP) DF 619.59 451.00 15.82 20 947 0.61 0.97] 0.9
48-5334 F 102.34| PCC (JRCP) WF 13347 574.00 14.97 25 1174 0.70 110 0.96
51-2564 F 90.3 1| PCC (JRCP) WNFE 45.13 1178.00 10.23 22| 11755 0.92 0.97| 0.97

LTE = load transfer efficiency
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Table 10. Lists of poorly performing sections and complementary data for sections.

Section Design %  |Depth to Longitudinal| Transverse Reinforcement Mean Slab  |E Slab E Sab Base Base E Base
ID Longitudina |Reinforcement, Bar Spacing, | Bar Placement Thickness, |Tested |Backcalculated, [Type Thickness, | Backcalculated,
Steel mm mm Spacing, Method mm , GPa|GPa Treated/ mm GPa
mm Granular
09-5001 0.60 101.60 160.02 863.60 Chairs 203.20] 36.69 44.90 GB 254.00 6.5
17-5843 0.71 58.42 185.42 1219.20 Chairs 254.00| 40.65 28.90 TB 101.60 4.2
37-5826 0.65 76.20 152.40 762.00 Mech 203.20| 28.42 40.70 TB 38.10 5.9
39-5010 Mech 203.20| 0.00 TB 101.60
41-5021 051 109.22 165.10 1524.00 Other 274.32| 22.91 41.50 TB 228.60 6
48-5024 0.60 127.00 185.42 914.40 Other 254.00] 0.00{: 65.10 TB 101.60 9.4
48-5284 0.50 139.70 203.20 609.60 Chairs 279.40] 0.00 39.00 . TB 50.80 5.7
48-5301 0.60 127.00 185.42 914.40 . Chairs 254.00| 0.00] : 46.60 TB 50.80 6.8
48-53 10 0.50 139.70 203.20 609.60 Chairs 27940, 0.00 34.60 TB 101.60 5
48-5317 0.51 101.60 190.50 914.40 Mech 203.20| 0.00 51.70 TB 50.80 7.5
48-5323 0.61 114.30 203.20 914.40 Mech 228.60; 29.28 38.10 TB 152.40 5.5
48-5335 0.61 114.30 203.20 914.40 Chairs 228.601 3497 28.901. TB 152.401 4.2
54-5007 0.651 76.201 Chairs 203.201 21.881 24.001 TB 152401 3.5
Table 10. Lists of poorly performing sections and complementary data for sections (continued).
Section [Subgrade  |k-value Outsde Climatic ~ |Average Annual Average Ageas |KESAL |Average |Average |LTE
ID Type Backcaculated, | Shoulder  [Region Annual Freeze Precipitation, Paily Tested, [Total Crack IRI,
Coarse/Fine[MPa/mm Type Index, “C-days [mm Temperature |years Spacing, m|m/km
Range, °C
09-5001 C 33.40 AC WF 397.32 1243.00 12.18 15 15646 1.33 1.80] 0.9¢
17-5843 F 56.72 AC WF 547.61 820.00 1142 6 4897 2.01 118}
37-5826 F 34.161 AC WF 95.081 1150.00~ 13.69 14] 82391 143 . 2 2!} 0.9
39-5010 F AC WF 428.82 980.00 12.58 13 2272 1.08 1.84
41-5021 F 7051 AC WN 27.22 1117.00 12.67 g| 11588 0.67 1.03] 0.9¢
48-5024 F 85.31 AC WN 14.88 999.00 14.06 13 1522 1.18 2.32') 0.97
48-5284 C 83.95 |PCC (JPCP) WN 47.591 969.001 12.581 9] 1019 1.841 2.431| 0.98
48-5301 C 128.84 |PCC (JPCP) WN! 51.541 838.001 12.911 15 1765 1.241 1.69] 0.9¢
48-5310 F 94.68 PCC (JPCP) WN 44.441 946.00 13.57 10 2238 1.77 2.01] 0.98
48-5317 Fl 47.33 IPCC (JPCP) | WN 37.501 $188.00 12.54 15 4426 2.06 2.34:] 0.99
48-5323 F 61.15 |PCC (JPCP) WF 139.09 566.00 15.26 15 9748 0.65 1.79) 0.99
48-5335 C 61.01 |PCC(JPCP) WF 129.54 584.00 15.31 15 8914 0.73 2.0 0.99
54-5007 F 50.01 |PCC(JPCP) WF 312.86 1219.00 12.97 14 1751 0.72 2.35 0.91
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Figure 32. Comparison of depth to reinforcement.
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Figure 33. Comparison of longitudind bar spacing.
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Figure 34. Comparison of transverse bar spacing.
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Figure 35. Comparison of dab thickness.
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Figure 36. Comparison of concrete modulus of dadticity, E,p, as tested.
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Figure 38. Comparison of base modulus of dadticity, E,., as backcaculated.
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Figure 39. Comparison of subgrade k-value as backcaculated.
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Figure 40. Comparison of annua air freeze index.
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Figure 41. Comparison of annua precipitation.
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Figure 42. Comparison of daily temperature range.
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Figure 43. Comparison of crack spacing.
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Figure 44. Comparison of IRl vaues.
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Figure 48. Effect of base type.
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This indicates that for the GPS-5 sample analyzed, the sections with relatively thinner concrete
dabs and dtiffer concrete may result in better performance. The observation related to slab
thickness appears to contradict expectations. This may possibly be due to the confounding effects
of traffic loading.

Summary

Although the statistical analysis was inconclusive overal, there is evidence among poorly
performing sections that have developed high-severity cracking and punchouts early in their
service life that these sections aso had the following common characteristics.

Larger crack spacing.

Greater depth to reinforcement.

High value of mean dab thickness.

Low values of eastic moduli for dab and base layer.
Low k-value for subgrade.

Similarly, well performing sections appear to have the following common characteristics:

Smaller crack spacing.

Lower IRI (selection criteria).
Shallow depth to reinforcement.
Thinner and stronger dab.
Stiffer base and subgrade layers.
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CHAPTER 5. SUMMARY AND RECOMMENDATIONS

The study reported here was conducted to determine if currently available data from the
LTPP GPS-5 experiment can be used to understand the development of crack spacing in CRC
pavements and to analyze the effect of crack spacing and other design and site parameters on CRC
pavement performance. The report has presented the characteristics of the GPS-5 data and has
presented the results of various analyses conducted to identify the key factors that affect the
performance of CRC pavements.

Overall, the study has not resulted in any conclusive findings on cause and effect
relationships between key design and site parameters and performance attributes. As indicated
previoudly, there exist several mgor congtraints for performing conclusive analysis of
performance of CRC pavements. These constraints include the following:

L. Lack of data on ambient weather conditions during the first few days after concrete
placement.

2. Lack of reliable traffic loading data for each test section from the day of opening to
traffic.

3. Lack of individua crack spacing data and distress maps.
4. Lack of data on concrete coefficient of thermal expansion and crack width.

5. Lack of significant distresses at the test sections. Very few sections exhibited
localized failures and high-severity cracking. Also, most of the sections that were
overlaid did not exhibit locaized failure or poor ride. Thus, it is difficult to relate
fallure of the overlaid sections to specific attributes of the test sections.

6. Previous studies have indicated that there is a strong relationship between crack
spacing, concrete strength, and percent steel. No such relationship was apparent
for the GPS-5 sections. It is very likely that this is due to the biased sampling with
respect to dab thickness and percent of steel used.

The andysis of the “exceptionaly” well and poorly performing test sections also failed to
provide definitive information regarding long-term performance of CRC pavements, dthough
some general observations could be identified.

Previous analysis and data presented in the report have indicated that CRC pavements
generally provide a good ride even after many years of service. The ride, as measured by the IRI,
was generally smooth (IRI less than 1.5, typicaly) for most of the GPS-5 test sections.

Previous studies have aso indicated that development of early crack cracking patterns in
CRC pavements is significantly affected by ambient weather conditions at the time of
congtruction. As such, design variables such as percent steel reinforcement, concrete strength, and
subbase type appear to be secondary in nature. These studies have also shown that long-term
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cracking appears to be affected by percent steel, age, traffic loading, and concrete strength. The
cracking development slows (stabilizes) after about 3 to 4 years after construction.

In order to make the GPS-5 test data more useful, it is strongly recommended that future
distress surveys include a survey of 5 to 8 km of the pavement of the appropriate project to
identify the amount of localized failure. The 152-m lengths of the GPS5 test sections are

considered too smal to provide reliable data on localized failures.

CRC pavements have the potentiad to provide long-term low-maintenance service life as
evidenced by the many well performing sections in the GPS-5 experiment. It is expected that as
additional data become available, it will be possible to identify the specific factors and
mechanisms that affect the performance of CRC pavement. This will alow improvements in the
design and construction practices for CRC pavement.
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